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ABSTRACT
Climate change presents a significant challenge to global health. This paper examines
the health impacts of climate change from extreme weather events, temperature
changes, rising sea levels and changes in precipitation. These health impacts include
heat-related illnesses and deaths, air pollution-related health effects, allergic diseases,
infectious diseases, malnutrition, and disasters associated with extreme weatherrelated health effects such as hurricanes, tornadoes, droughts, fires, heavy precipitation,
storms and flooding. Most populations will be impacted by climate change in the next
decades, putting peoples’ lives and wellbeing at risk. Vulnerable populations across
the globe will be impacted disproportionately due to climate change. It is populations
that are often least responsible for climate change that experience the greatest adverse
impacts, raising important moral issues of equity and fairness. In addition to reviewing
the literature on the health impacts of climate change, this paper will examine issues
of inequity across vulnerable populations and generations due to climate change, the
health co-benefits of greenhouse gas mitigation, and potential options for adaptation
to increasingly extreme weather events.
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INTRODUCTION
Climate change is one of the largest global health threats of the 21st century.
According to the United Nations Intergovernmental Panel on Climate
Change (IPCC), warming of the earth’s climate is “unequivocal” and
human influence of the climate system is clear.1 The IPCC estimates about
a two degrees Celsius rise in global average warming by the end of the
century. Anticipated climate change will impact the environment and health
of most populations in the next decades and put the lives and wellbeing of
billions of people at increased risk. Vulnerable populations will be impacted
disproportionately, raising moral concerns of equity and fairness. Those
that are often the least responsible for climate change, experience the
greatest adverse impacts. This paper reviews the literature on the health
impacts of climate change, issues of inequity across vulnerable populations
and generations, the health co-benefits of greenhouse gas mitigation, and
potential options for adaptation to increasingly extreme weather events.
UPDATE ON THE HEALTH IMPACTS OF CLIMATE CHANGE
There are many pathways by which climate change can impact health.
First, climate change effects regional and local weather change, causing
extreme weather events, temperature changes, and precipitation. Regional
and local weather changes effect air pollution concentration and distribution,
pollen production, microbial contamination and transmission, and crop
yields. These changes can produce the following health impacts: (1) heatrelated illnesses and deaths, (2) disasters associated with extreme weatherrelated health effects (from hurricanes, tornadoes, droughts, fires, heavy
precipitation, storms, and flooding), (3) air pollution-related health effects,
(4) allergic diseases, (5) infectious diseases (especially those that are waterfood-, or vector-borne diseases), and (6) malnutrition.2
Secondly, climate change results in raised sea levels, with coastal
flooding and changes in coastal aquifer salinity. Global mean sea level has
risen approximately 20 cm. over the past century.1 These changes can
impact health, as well, causing storm surge-related drowning and injuries,
and substantial disease burden for displaced populations.2
Heat-related Illnesses and Deaths
Increases in air temperature cause mortalities and illness during heat waves
and summer extremes. In the United States, heat waves kill more people
than hurricanes, floods, and tornadoes combined.3 This is because the
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human body’s ability to respond to heat stress is limited by the capacity to
increase cardiac output as required for greater cutaneous blood flow to cool
the body.3 Heat wave mortality is related to cardiovascular, cerebrovascular,
and respiratory diseases mainly among vulnerable groups, such as elderly
persons and individuals with preexisting illness.
Climate change scenarios predict increases in the frequency and
intensity of extreme heat events in the future, and population health may be
significantly compromised for people who cannot reduce their heat
exposure.4 One study projected the effect of a few degrees of climate
change on Australians in 2070. It projects that outdoor activity will not be
possible on 33-45 days per year, compared to four to six days per year at
present for un-acclimatized people, and that leisure activities like outdoor
play for children for acclimatized people will not be possible on five to 14
days per year in 2070 compared to one day in five years at present.5
Occupational exposures to excessive heat are dangerous to outdoor
workers. During the summer season, outdoor workers are affected by the
heat exposures and subsequent economic impacts of reduced work capacity
can be substantial.6 According to modeling by Kjellstrom et al. (2009), by
the 2050s, as high as 15 to 18 percent of work days could be lost due to heat
in Southeast Asia, West and Central Africa and Central America.7
Each year in the US, there are on average about 658 deaths that can be
classified as directly attributable to heat-related causes.8 Larger effects of
heat and heat waves occur earlier in the hot season.9,10 Chicago’s Upper
Midwest heat wave caused 700 excess deaths in July 1995.11 Currently for
the US, mortality increases nearly four percent during heat wave days
compared with non-heat wave days, by 2.5 percent for every one degree
Fahrenheit increase in heat wave intensity, and by 0.4 percent for every
one-day increase in heat wave duration.9 In 2003, a European heat wave
killed at least 40,000 people in just two weeks across twelve countries.12
This heat wave greatly impacted vulnerable groups such as the old and the
ill.13,14 How the growing aging population live in cities will be a challenge
for the future in a warming world because housing and social integration
play a large role on the impacts of the elderly in heat waves.13 The 2003
heat wave evidences that how we build our cities and integrate vulnerable
groups of people socially impacts human health in extreme heat. 13,14
According to Hayhoe et al. (2010), before the end of the 21st century
1995-like heat waves could occur every other year on average under a
conservative low emissions scenario.15 Another study found heat waverelated mortality in Chicago would increase to between 166 and 2,217 excess
deaths per year based on estimates from seven global climate models for the
period 2081-2100.16 Analysis of past heat wave admissions to hospitals in
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the city of Milwaukee shows endocrine, genitourinary, respiratory disorders,
and self-harm (suicide attempts) correlated with hot temperatures.17 This
correlation is significant for each of the outcomes, and is shown in the figure
below. Heat response plans and heat early warning systems (EWS) can save
lives with expected temperatures rise in the coming decades.18 However,
from a US-based survey administered to 285 communities in 2009, of 70
respondents only 30 local governments have established heat wave health
prevention effect programs.19 An increase in heat wave health prevention and
preparedness programs would be extremely beneficial for public health.

Fig. 1. The above figures show the relationship between hospital admissions and
heat waves in the city of Milwaukee, Wisconsin. There is a correlation with hot
temperatures and hospital admissions for endocrine, genitourinary, respiratory
disorders, and self-harm. The temperature here refers to the average mean
temperature 0-2 days preceding hospital admission. The smoothed line shows the
relationship between temperature and hospital admissions by cause and age group.
The spline curves reveal the relative risk of hospital admission for temperatures
across each range. The solid line is the estimated spline curve, and the dashed lines
surrounding the solid line are its 95% confidence limits. The ticks in the x-axis
show the occurrence of each “x”.
Source: Li B, Sain S, Mearns L, Anderson H, Kovats S, Ebi K, et al. The impact of extreme
heat on morbidity in Milwaukee, Wisconsin. Climatic Change. 2012;110:959-76.17

Disasters Due to Extreme Weather-Related Health Effects
Higher temperatures evaporate soil moisture more quickly leading to severe
droughts. But warm air can hold more moisture resulting in heavy
precipitation, so that both floods and droughts are expected with projected
extremes of the hydrologic cycle. Extreme weather events such as floods,
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droughts, and intense storms have claimed millions of lives during the past
two decades, and affected many more physically, mentally, or through the
loss of property or livelihoods.20
Floods
Floods are the most common natural weather disasters.21 In 2010, floods
accounted for the highest number of victims (about 175 million people) out
of all natural disasters globally.22 These losses mostly took place in mid- to
low-income countries.23 For example, in Mozambique 285,000 people were
affected in 2007 from flooding along the country’s southern coast—causing
29 deaths and 140,000 people to be displaced from their homes.24 More
than 80 percent of Mozambique’s population is dependent on agriculture
and most agriculture takes place in the country’s extensive low-lying
floodplains where the best soils are located.25,26 The regular flooding in
these areas can rapidly overwhelm local coping capacities.27
While flooding often damages poorer countries more often, flooding is
not unique to these countries. Severe, damaging floods recently hit Australia
in 2010 and northeastern US in 2012.22-28 In the US, the amount of
precipitation falling in the heaviest one percent of rain events increased by
20 percent in the past century, while total precipitation increased by seven
percent. Over the last century, there was a 50 percent increase in the
frequency of days with precipitation over four inches in the US upper
Midwest.29 Other regions, notably the South, have also seen strong increases
in heavy downpours, with most of these coming in the warm season and
almost all of the increase coming in the last few decades.
Hurricanes
Records indicate that sea surface temperatures have steadily increased over
the last 100 years, and more sharply over the last 35 years. The period from
1995-2004 recorded the highest average sea surface temperature on record
and the sea surface temperatures off the northeast shelf of the US in 2012
were the highest recorded in 150 years.30,31 These trends, in turn, have
implications for hurricane occurrence and intensity. Hurricanes only form
in regions where sea surface temperatures are above 26°C.32 From 1995 to
2000 overall hurricane activity in the North Atlantic doubled and the
Caribbean experienced a five-fold increase in activity.33 Hurricanes may
become more frequent with continued warming and one study projects a
near doubling in the frequency of category 4 and 5 storms by the end of the
21st century.34 However, this frequency has been disputed.3 As well as
occurring more often, hurricanes are likely to become more intense, as
intensity is associated with warmer sea-surface temperatures.35,36
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Wildfires
Climate change is expected to increase the occurrence of wildfires, stemming
from the combination of increased temperatures coupled with drought
events.37 Wildfires produce large amounts of particulate matter and other
toxic substances into the air stream. Fine particulate matter (PM2.5) in the air
adversely affects large numbers of people.38 For example, inhaling PM2.5 can
exacerbate cardiac or respiratory problems (such as asthma and chronic
obstructive pulmonary disease) in vulnerable people. A study on worldwide
premature mortality estimated there were 339,000 premature deaths per
year (range 260,000 to 600,000) that can be attributable to air pollution from
forest fires.39
Infectious Diseases
Changes in temperature, humidity, rainfall, and sea level rise affect the
incidence of food-, water- and vector-borne infectious diseases. Food- and
water-borne diseases are expected, with confidence, to become a greater
management problem as climate changes.40 And, vector-borne diseases are
an important aspect to the health impacts of climate change because of their
widespread occurrence and sensitivity to climate factors.41-44 Examples
include spread of water-borne and vector-borne diseases such as dengue,
malaria, Chikungunya, West Nile Fever, Rift Valley Fever from their natural
habitats to new locations via travelers and becoming endemic
Water-borne diseases
Reported water-borne disease outbreaks in the US from 1948-1994 were
found to be related to months of heavy precipitation, compared to the
50-year average precipitation for the watershed in which the outbreak
occurred.45 There is credible evidence linking incidence of water-borne
outbreaks from pathogens such as Cryptosporidium, Escherichia coli
0157:H7 and Campylobacter jejuni following heavy rains.46,47 Heavy
rainfall and flooding can contaminate drinking or recreational water with
pollution from sewage lines or agricultural fields.48,49 Storm events of
greater than three inches (7.5 cms) of rainfall within 24 hours can overwhelm
combined sewer systems and lead to an overflow that contaminates
recreational and drinking water sources.50 For example, levels of E. coli in
channels leading from Milwaukee, Wisconsin to Lake Michigan can be up
to ten times higher in areas where there are no sewage overflows.
Climate change is anticipated to increase the frequency of these
occurrences. Regional climate models, for example for the Great Lakes area
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of the US, show a 50 to 120 percent increase in sewage overflow events by
the end of this century.50 This will pose increased hazards to drinking and
recreational water quality. Global Climate Models (GCMs) that have been
run for regional-level analysis predict—with high certainty—that climate
change will lead to heavier winter and spring precipitation in the state of
Wisconsin.51 This projected precipitation pattern will have ramifications for
cyanobacteria harmful algal blooms (HABs) in the Great Lakes region of
the US. Elevated winter–spring rainfall and flushing events, followed by
protracted periods of drought, has already been responsible for massive
algal blooms in the Great Lakes ecosystem.52 In Peru, childhood diarrheal
rates increased 200 percent during the 1997-1998 El Niño (sea warming)
episode, likely due to higher survival time of diarrhea-causing pathogens, a
greater demand for water and less conscientious hygiene practices.53 The
worldwide average for diarrheal diseases in the future is projected to rise by
20 percent during the period 2040-2069 and by 29 percent for 2070-2099.54
Food-borne diseases
The relationship between food-borne outbreaks and temperature has been
shown for several pathogens and in a variety of geographic settings.55-57 For
example, D’Souza et al. (2004) showed that increased salmonellosis
notifications in five Australian cities were related to a rise in the mean
temperature in the previous month.58 Heat contributed to an estimated 30
percent of cases of salmonellosis in much of continental Europe, especially
when temperatures exceeded a threshold of six degrees Celsius above
average.59 A recent re-evaluation of food-borne illness over time in England
and Wales showed a strong confirmed correlation with temperature in the
current and previous week. The study discusses the importance of lowering
pathogen loads in livestock through vaccinations of chicken flocks, limits
on antibiotic use in cattle to retard development of resistant strains, and
improvement of hygiene practices in abattoirs as methods to help curtail
food-borne outbreaks.57
Vector-borne diseases
Vector-borne diseases most often refer to infections transmitted by the bite
of infected insects such as mosquitoes or ticks. Because of their vast
occurrence and sensitivity to climate factors, vector-borne diseases are
frequently modeled as they will likely shift in spatial or temporal distribution
due to climate change. In developing countries, there is high occurrence and
mortality from vector-borne diseases. The impacts in developing countries
could therefore be very dramatic. For example, the vector-borne disease,
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malaria, is transmitted between individuals by Anopheline mosquitoes who
carry the plasmodium parasite. Malaria is currently present in 101 countries,
and 40 percent of the world’s population live in areas with malaria.60 Malaria
claimed 655,000 deaths in 2010 out of an estimated 216 million episodes
worldwide.61 Most malarial deaths are in children under five years in the
Africa Region.
Malaria parasite development is associated with climate change because
it is sensitive to climate fluctuations, such as changes in temperature.62
Climate change plays an important role in the exacerbation of malaria in
particular regions, such as eastern Africa were modest warming can drive
large increases in malaria transmission.63 While modest warming can drive
large increases in transmission, if conditions are otherwise suitable,
variations around the maximum temperature tend to slow malaria parasite
development down. In addition to temperature variations, heavy rains can
also increase Anopheline mosquito breeding and parasite development.
Overall, climate change is associated with the impact of malaria control
programs, but malaria is likely to have declined.64
Dengue and other vector-borne diseases such as Chikungunya are
spreading from tropical to temperate climate areas.65 Chikungunya—which
originally emerged in Tanzania and then re-emerged in southeast Asia, the
Indian Ocean islands, Indian subcontinent, the Caribbean and Africa—is a
mosquito borne disease that causes fever, rash and long-term debilitating
joint pain. Chikungunya is projected to have climate suitability for
transmission in the first half of the 21st century in Western Europe, and in
central parts of Europe from mid-century onward.66-68 The highest risk of
Chikungunya is projected for east-central Europe by the end of the 21st
century.68
Malnutrition and Food Insecurity
More than 800 million people are estimated to be suffering from chronic
hunger.69 According to the IPCC, the global risk to food security becomes
very severe under an increase of four to six degrees Celsius or higher global
mean temperature.1
There is concern that climate change will continue to adversely affect
nutrition because of increased drought conditions and crop failures,
particularly in Africa. In developing countries, where millions of people are
malnourished, climate changes that affect crop yields can be devastating.
Of particular concern are children who experience undernourishment,
stunting, and malnutrition-related deaths. A recent study projected 108,028
malnutrition-related childhood deaths from climate change in 2030.70
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Climate change effects on global agricultural productivity will vary
regionally, with reductions especially in sub-Saharan Africa and south
Asia.71 Estimates are that by the 2050s, climate change would increase the
percentage at risk of hunger from a current 34 percent to a level of 64 to 72
percent, unadjusted for potential adaptive interventions. Nelson et al.
(2009) found that by 2050 yields of staple crops would decline in developing
countries and that child underweight would be approximately 20 percent
higher, equivalent to approximately 25 million children being affected.72 In
Kenya, a country dependent on rain-fed agriculture, projected changes in
temperature and precipitation are expected to compromise agriculture
yields with subsequent increases in stunting of children.73
Mental Health
Disasters such as tornadoes, floods, hurricanes, heat waves, and droughts can
have significant adverse mental health impacts on people. Disasters can
bring about or worsen anxiety, depression, aggression and other mental
illnesses. For example, droughts can cause chronic psychological distress, a
loss of hope, and an increased incidence of suicide.74,75 Also, increases in
temperatures can bring about self-harm, violence, increased accidents, and
suicide,76-78 all serious risks to public health. Both mitigation and adaptation
strategies are necessary to decrease climate change impacts on mental health.
Vulnerable Populations
Climate change adversely impacts human health. However, certain
vulnerable populations are at highest risk. Vulnerable people include the
elderly, children, pregnant women, individuals with predisposing health
conditions, low-income groups, and women.79-84 However, a recent study
suggests that adverse climate events have not affected the health and
wellbeing of women in Australia,85 and that the vulnerability of men and
women varies by region. Individuals who are physically active, outdoor
workers, and indoor workers with minimal access to cooling systems while
working are also vulnerable to the extreme heat of climate change.4
In addition to vulnerable people, there are also places that are particularly
vulnerable to climate change impacts,86 because location has an important
influence on the potential for losses caused by climate change.87 These
include:
• Areas or populations within or bordering regions with a high endemicity
of climate-sensitive diseases, for example, regions in Africa with high
prevalence of malaria;3
• Areas at risk from combined climate impacts relevant to health, for
example, stress on food and water supplies or risk of coastal flooding;3
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Inland cities at mid- and low latitudes, where present-day temperatures
are frequently close to the tolerable maximum;6
Areas with an observed association between epidemic disease and
weather extremes, for example, El Niño-linked epidemics;3 and
Areas at risk from concurrent environmental or socioeconomic stresses,
for example, local stresses from land-use practices or an impoverished
or undeveloped health infrastructure with little capacity to adapt.3

Additionally, changes in seasonal river flows, increases in floods and
droughts, decreased food security and biodiversity loss can increase as
temperatures rise. For example, areas in Africa that are sensitive to droughts
and surges in malaria, have poor health-infrastructures, low socioeconomic
status, and are reliant on subsistence farming. This creates significant
vulnerability to the impacts of a warming climate. Low-lying coastal
regions, delta regions, and arid regions are also at special risk as the global
climate warms.88
Another vulnerable group includes individuals in rural Australia. A
severe drought in Australia has been linked to psychological distress and to
food insecurity for those residing in rural and remote areas.89 Psychological
distress can lead to suicides, and food insecurity can lead to economic
losses and malnourishment.
ETHICAL ASPECTS OF CLIMATE CHANGE AND HEALTH
Climate change raises important ethical concerns in several ways. First, on
a global scale, the nations with the highest prevalence of climate-sensitive
diseases (e.g., malnutrition, diarrhea and vector-borne diseases) are the
least responsible for carbon emissions that to date are causing today’s
climate change.90 Large populations of the global south have a very low per
capita emission rates, although total emissions from developing nations are
growing rapidly, and China surpassed the US in 2006. The US, with five
percent of the global population, produces 25 percent of total annual
greenhouse gas emissions. This discrepancy exemplifies the ethical
implications posed by climate change on a global scale, shown graphically
in the figure below. Poor populations in the developing world have little by
way of industry, transportation, or intensive agriculture, they contribute
only a fraction of the greenhouse gases per capita that the developed
countries produce, and their capacity to protect themselves against the
adverse consequences of what are mostly wealthy populations’ greenhouse
gases is quite limited. If developing nations do not choose development
pathways that use more efficient energy technology than highly industrialized
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countries have employed so far in its developmental history, global climate
change trends will intensify.91 Intensifying trends of global climate change
will impact poor populations, at the benefit of development. Arriving at a
balance between development and mitigating climate change is imperative.

Fig. 2. The above cartogram shows two different maps revealing the growing ethical
crisis of climate change. The top map of the globe shows conflations and deflations
of geographical areas of the globe according to carbon dioxide emissions. For
example, countries like the US are much larger than usual, and some countries like
Africa are much smaller than their normal geographical size—revealing the
discrepancy of varying carbon dioxide (CO2) emissions globally. The lower map
shows mortality in populations worldwide due to four climate-sensitive health
effects (malaria, malnutrition, diarrhea, and inland flood-related fatalities). As
shown, some nations that are least responsible for CO2 emissions are not
experiencing some of the greatest health impacts of climate change. Countries like
Africa are disproportionally impacted by climate-sensitive health effects, whereas
countries like the US have much less of an impact, hence the shrunken geographic
size of the US in the lower geographical map.
Source: Patz JA, Gibbs HK, Foley JA, Rogers JV, Smith KR. Climate change and global
health: quantifying a growing ethical crisis. Eco Health. 2007;4:397-405.90
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This balance between the benefits of development and the costs of
climate change among vulnerable populations and countries is also an issue
intergenerationally. Greenhouse gases have long residence lifetimes in the
atmosphere. Carbon dioxide can last in the atmosphere for hundreds of
years, and hydrofluorocarbons can last in the atmosphere for thousands of
years.1 This means that the impacts of climate change today are from
emissions well into the past, and that emissions today will have an impact
on future generations.
At present, the atmosphere is concentrated with 400 ppm CO2 eq.92
Before the Industrial Revolution, during the 1700s to 1800s, the atmosphere
contained 280 ppm.92 Science shows that exceeding 450 ppm will be
disruptive for future generations.92 Is it fair for future generations to be
harmed by the impacts of climate change at the benefit of development
when the current generation is aware of the harm our emissions will
produce? Which countries and its people should have priority to the
remaining 50 ppm if countries agree to stay within safe limits of greenhouse
gas emissions? These are very important ethical questions that address the
intergenerational issue of climate change.
Regarding the first question, notable climate economists, Nicholas
Stern and William Nordhaus, have disputed one another on how much
value we should place on the future costs of climate change. Nicholas Stern
uses a 1.4 percent discount rate in his economic analyses of climate change,
while William Nordhaus applies a 6 percent discount rate.93,94 A six percent
discount rate is more reflective of the actual market; how people are buying
and selling for goods and services, their willingness to pay, their investments,
savings, and spending. However, people’s behavior in the market might not
be reflective of people’s willingness to pay to mitigate climate change. A
six percent discount rate recommends to policymakers that the current
generation spend less money on mitigating climate change, whereas a 1.4
percent discount rate recommends more spending on mitigating climate
change. Ultimately, agreeing on how much money the current generation
should be spending to mitigate climate change for the benefit of future
people is a contentious ethical issue.
CO-BENEFITS OF MITIGATION
One element missing from decisions on mitigation is that of “co-benefits”—
that is, immediate side-benefits that ensue from greenhouse mitigation
actions targeted to reduce future climate change. Numerous health co-benefits
are among those arising from a reduction in fossil fuel combustion.95-99 There
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are different types of co-benefits that mitigation efforts can achieve.97,100 One
way co-benefits of mitigation can be achieved is through policies and
technologies that result in more efficient energy production and reduced
energy demand. Sustainable energy sources such as wind and solar energy
do not contribute to greenhouse gas emissions.
Health is improved when emissions are decreased, such as PM2.5
(discussed above), which are harmful mainly to urban populations, and also
to rural populations using biomass for cooking.101 Also, less fossil fuelintensive development can offer the benefit of reducing food- and waterborne related morbidity, for example, by 16 to 28 percent under lowest
emissions trajectory.102 This is because fossil fuel-intensive development
contributes to climate change, which increases temperatures, rainfall,
flooding and humidity. As discussed above, increasing temperatures and
rainfall coupled with humidity, for example, can increase diarrheal incidence
and diarrhea morbidity.52,103 Increases in temperature can increase the
replication and survival of diarrhea-causing bacteria, protozoa, and foodborne microorganisms.104 Thus, decreasing fossil fuel use in development,
can reduce food- and water-borne related morbidity.
Transportation policies that rely on walking, bicycling, mass transit, and
fuel-efficient automobiles result in less greenhouse gas emissions than are
currently produced by increased reliance on fuel-inefficient automobiles or
vehicles without internal combustion engines for most transportation.
Increasing green-spaces in cities can increase cool spaces (i.e., shaded
areas) and social connectivity.105 Increasing availability for “active
transport” (via walking or bicycling) in cities is both beneficial for health
and contributes to the reduction of greenhouse gas emissions. Urban design
strategies can reduce emissions, while at the same time benefit health by
reducing obesity, cardiovascular disease diabetes, and mental health through
increased physical activity. For example, one study from the US showed
that cities with the highest rates of commuting by bike or by walking have
obesity and diabetes rates 20 and 23 percent lower, respectively, than cities
with the lowest rates of active commuting.106 According to a study by
Grabow et al. (2011) adopting a greener transportation system of more
biking and walking, and less automobile trips, in the upper Midwest of the
US alone, could save 1,300 lives and $8 billion in avoided mortality and
health costs per year from improving air quality and physical fitness.107
Shindell et al. (2012) addressed the tropospheric ozone and black
carbon (BC) contribution to both degraded air quality and global warming.99
The authors identified 14 best interventions targeting methane and BC
emissions that reduce projected global mean warming approximately 0.5
degrees Celsius by 2050. The resulting “co-benefit” was the avoidance of
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0.7 to 4.7 million annual premature deaths from outdoor air pollution and
increased annual crop yields by 30 to 135 million metric tons due to ozone
reductions in 2030 and beyond (see figure below). The valuation was
dominated by health effects from reduced BC in the air. While this study
was global in nature, the findings apply to any location with coal-fired
power plants, the most substantial contributor to black carbon particulates.
Another contributor to resource consumption and emissions of
greenhouse gases is population growth. A recent study found that CO2
emissions could be lowered by 30 percent in 2100 if access to contraception
was provided to women expressing a need for it.19 Access to reproductive
health services could slow population growth and thus resource consumption
and emissions, and improve maternal and child health. Access to
reproductive health services and family planning saves women’s lives by
reducing maternal mortality in the highest risk age groups (youngest and
oldest women)108 and by reducing the total number of births in these highrisk groups.109
Co-benefits of mitigation are especially attractive, cost-effective, and
politically feasible. However, in planning solutions such as sustainable
communities or family planning services, it is essential that affected
communities be involved. Poor communities and communities of color
bear a disproportionate burden from many environmental health threats.
These groups must be included in planning equitable solutions to avoid the
potential for widening the already large gap in the access to health services
and healthy, desirable neighborhoods. New health services and communities
must be designed with cultural sensitivity and diversity in mind so that all
people can be afforded a realistic chance to new health opportunities, and
so that environmental justice issues are considered at every level.
ADAPTATION
Adaptation (or preparedness) refers to efforts to reduce the public health
impact of climate change, that based on the inertia of our global climate
system, will inevitably be required regardless of the extent of greenhouse
gas mitigation efforts. Many of today’s current challenges, such as deaths
from heat waves, floods, and air pollution will be exacerbated by climate
change due to past emissions. It is important that populations are prepared
for more extreme adverse weather events, but at the same time, adaptation
efforts must not supplant parallel strategies for mitigation targeting the root
cause of climate change.
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Examples of adaptation measures include: the construction of seawalls,
genetically modified crops that will better withstand heat and droughts, and
migration of island people from their homes. Adaptation can build from
analyses of the strengths and weaknesses of current prevention efforts, and
a rethinking of potential thresholds that may change in the future (e.g.,
expected change in the volume of storm water runoff, or the frequency of
heat waves).3 This analysis and rethinking requires focusing on
improvements in basic public health functions, such as enhancing disease
surveillance, monitoring risky exposures, and managing communication
between health and other sectors to address changes in disease incidence
and geographic range.110
There are particular climate change health impacts that are susceptible
to adaptation. These include some infectious diseases, health impacts from
extreme weather events, and impacts from rising sea levels. When basic
public health and health care services are improved, these services are
better equipped to detect and prevent disease outbreaks, and to respond to
life threatening extreme weather events. For example, early warning
systems that detect heat waves can forecast weather conditions and predict
possible health outcomes, while activating effective and timely response
plans.111
On the other hand, mental health-related illnesses are less likely to
improve from adaptation planning. For example, if a group of people that
migrate from their home are physically benefited by this migration, they
may still suffer from anxiety, depression and other mental illnesses due to
displacement. Migration as an adaptation strategy can have deleterious
effects on health, in addition to mental illness.112,113 For example, within the
Pacific region, there has been migration from outer islands to urban areas.
Some migrants have been infected with disease from crowding, with lack
of adequate water supplies, waste disposal and poor housing.115 These
people suffer from higher blood pressure and an increase in cigarette
smoking. Where large numbers of people are forced to migrate
simultaneously, there could be considerable cultural, social, economic and
health implications for receiving communities, particularly where these
peoples may be distressed.114
When policymakers and public health professionals are considering
which adaptation efforts to make, it is important to weigh the potential
benefits and risks. Some adaptation efforts may have unintended
repercussions to the environment and human health, while others can
achieve protection from climate change threats without significant side
effects.
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CONCLUSION
The health impacts of climate change are serious especially for vulnerable
population groups and nations. Mitigation strategies that will reduce
greenhouse gas emissions are essential for a reduction in climate change
impacts and for many other benefits for human health and the environment.
Given the current and future impacts from climate change due to greenhouse
gas emissions and their long atmospheric residence time, some adaptation
is critical for climate policy strategies. Global policies to reduce the key
factors in global climate change are a vital moral duty to protect the current
and future generations. Such protection requires mitigating the dangers of
climate change as much as possible and aiding those who will be most
harmed. This coupled with more immediately realized co-benefits of
improved air quality and opportunities for physical fitness, there is a very
strong rationale to create a low-carbon economy as soon as possible.
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